S
uccessful surgery and health care in general depends on effective teamwork. 1 Evidence suggests that adverse events in surgery may often derive from an aspect of team system design. [2] [3] [4] [5] Enhancement of team performance in the operating theatre should therefore lead to increased safety. However, there is little research on teams in the operating theatre, so there are few models of teamwork for enhancing team performance. 6 Change in surgical technology and procedures further exacerbate this problem. 7 The development of minimally invasive surgery, for instance, has demanded an adaptation to new instruments and equipment. 8 9 However, there has been little planning for preparing teams for that technology on any large scale. 10 11 Adaptation to new technology is ad hoc and variable. 12 13 Consequently, teamwork in the operating theatre is not as reliable as one would expect of a high risk domain.
Technological developments in surgery should parallel a broader system level analysis of human factors and ergonomics. 14 15 Developments in other high risk domains provide valuable guidance for this, particularly on developing models and measures of teamwork in order to address the needs of professional training. 16 However, it is stressed that teamwork measures designed for team training and assessment must reflect the technical requirements of teamwork in its context. This demands an understanding of what makes an effective team in terms of structure and process, together with a view that teamwork is integral to a professional's skill set for work in the operating theatre.
STRUCTURE OF SURGICAL TEAMS
Team structure describes the arrangement of a team's composition. It reflects the way teamwork is organised and coordinated. Team structure enables individual team members to understand and appreciate their own functional roles and those of others. 17 Explicit or anticipated team structure can serve to formalise behaviour, task allocation, roles, responsibility and authority. 18 It therefore follows that team structure will vary according to the functional demands of the team, its tasks and objectives.
For some tasks a formalised hierarchical structure is an appropriate team design. For instance, procedural or line operations work such as checking equipment and instruments and general operating theatre preparation may be delegated to junior members of staff and guided by clear guidelines and protocol. More complex varied tasks may demand intense teamwork and team adaptation-for example, in shared planning, negotiation, and decision making. This less linear work may be inhibited by a hierarchical team structure and will therefore need a flatter collaborative structure. Operating theatre tasks and procedures vary within and between professional groups with a mix of procedural work and uncertainty, which may demand a mix of prescribed and fluid structuring. 19 Ambiguity of team structure can lead to disagreement in teams on authority, task allocation, roles and responsibilities; this compromises team performance. 20 21 This is evident in recent research of teamwork in the operating theatre. Lingard et al 22 assessed verbal and non-verbal exchanges in the operating theatre in a range of operations. Communication failures were frequent; communications were often too late, incomplete, or not received by those concerned and left unresolved. In one third of all ineffective communications recorded there were visible effects on team processes, including team tension, resource waste, delay, and procedural deviation. Lingard et al attributed their findings in part to ineffective team structure and protocol, a conclusion supported by subsequent research. Undre et al 23 also found that operating theatre personnel tend to disagree on team structuring and show some dissatisfaction with teamwork. This is consistent with the finding by Grote et al 24 that teamwork in the operating theatre lacks the formalisation of aviation cockpit crews.
Teamwork is not standardised in the operating theatre. Team performance will naturally vary if it depends heavily on team member familiarity rather than clear well structured work. This is especially so when teams are transient, as is often the case in surgery with high staff turnover and a dependence on agency staff. Indeed, a team may only perform as well as the model of effectiveness that is understood and shared among its members. 17 
SKILLS OF PROFESSIONAL TEAMWORK
The implication is that effective team performance and training requires a clear specification of what exactly the team should be doing, when, where and how. A surgical textbook specifies the stages in an operation and the exact sequence of actions for a complex operation. Similarly, models of teamwork should also specify teamwork tasks and their sequences related to surgical work. Teamwork should be more standardised, but not over-automated because work in the operating theatre is varied and ever changing with technology. Team performance depends on an agreement among team members on their work and agreement between their structure, behaviour, and the function it serves. Teamwork models must therefore derive from an analysis of tasks in their natural context.
Teamwork behaviours are contingent upon the tasks and processes that serve a particular function-in other words, they are task dependent. 25 The model shown in fig 1 schematically represents the traditional surgeon-nurse set up where the surgeon conducts surgery using a wide range of instruments and provisions. These main tasks depend on a bidirectional exchange of objects and information. Both the nurse and surgeon therefore need skills in timing their exchanges and ensuring that what is communicated is clear, comprehensible, and of an appropriate volume and tone for that context. Both members of this unit need to monitor each other's states and their process in order to coordinate effectively; the nurse must anticipate the surgeon's requirements and the surgeon must appreciate that the nurse depends on others to work effectively. The surgeon primarily controls their work. However, the nurse may need to shift control temporarily if an issue or a problem arises that compromises their performance or the patient's safety.
Some technical demands of this teamwork are perhaps less obvious. For instance, are there crisis conditions that dictate the surgeon should bypass the nurse and take instruments directly from a trolley or tray? Scrub nurses help to maintain a tidy operative zone, but what other tasks or conditions change that rule? This team unit is not isolated in reality; it is embedded within a larger system. While operating, both the nurse and surgeon may have to attend to other systems. Mid operation, someone may ask the nurse a question regarding stock or the surgeon a question regarding the remaining cases of the day. In short, this team needs to share an understanding of the behaviours and skills required to work effectively.
MAPPING TEAMWORK SKILLS TO MODELS
As shown in fig 1, professional skills are highly integrated and interdependent. Simplifying the complexity of a unit of teamwork in description is necessary for modelling and measuring teamwork. This allows trainers and trainees to discuss aspects of their work using a common understanding of terms. Defining teamwork models and developing measures of teamwork from them is a difficult challenge. Teamwork also has different levels of analysis, depending on the object and purpose of measurement.
Researchers developing broad observational measures of teamwork in surgery 6 26 have adopted of a set of behavioural constructs adapted from the generalised model of teamwork developed by Dickinson and McIntyre, 27 although there are other models to consider. 28 Broad behavioural constructs act as a useful taxonomy; a model of teamwork achieved through a map of task dependent behaviours. For example, we can map the technical requirements described in the surgeon-nurse teamwork to the following constructs: Researchers have also made the distinction between task work and teamwork and defined teamwork as a nontechnical skill. 25 29 This suggests that teamwork is not a task but a generic behaviour. However, the effectiveness of teams in surgery, such as that depicted in fig 1, depends on behaviours that are task-specific. Communications can amount to tasks in a work protocol. Furthermore, the difference between a surgical task and a communication is not in the absence or presence of technicality, or whether one is a task or not; the difference is in behaviour, according to task demands.
TEAMWORK MEASURES AND THEIR CHARACTERISTICS
In defining teamwork assessments, we might instead describe them in terms of their object of analysis, technical specificity, and system scope. Figure 2 shows that an observational assessment of an individual's skill may specify a high level of technical detail but have very little system scope as it excludes the performance of other team members (for example, OSATS). 30 Technical assessments naturally isolate certain tasks and exclude associated tasks in that system of work such as the surgeon-nurse interaction. In contrast, an assessment accounting for the whole team in surgery may be low in technical specificity but higher in scope, such as the Anaesthetists' Non-Technical Skills (ANTS) developed by Fletcher et al. 31 Some team assessments might be even broader in their system scope and include constructs such as team cohesion or team culture that serve to characterise large teams, groups or organisational units. Different types of assessment may employ similar constructs such as communication and coordination. However, as N S O P Figure 1 Model of intraoperative teamwork between surgeon (S) and scrub nurse (N). This represents the traditional surgeon-nurse set up where the surgeon conducts surgery with the assistance of the scrub nurse. The surgeon requests instruments and swabs (objects = O) and the nurse provides and confirms them. The two-way arrows between the nurse and surgeon represent this exchange of information and object. The vertical arrows represent the action of the nurse or surgeon on the object or patient (P), respectively. The diagonal arrows with broken lines show that the surgeon is able to bypass the circuit of object exchange between surgeon and nurse-for example, in taking instruments from an instrument tray. The nurse is also able to remove instruments or objects from the patient and to tend to other aspects of surgery such as untangling tubes and wires from equipment.
assessments differ in object and purpose of measurement, models of teamwork are likely to need different sets of constructs to reflect the level of task detail and the level of the system under analysis.
IMPLICATIONS FOR TEAM ASSESSMENT
We can form several predictions from the arguments provided, in view of the limitations naturally placed on team assessment and training design. Measures that are very broad and fail to account for specific tasks and their demands will be less effective in measuring team performance than measures that do account for specific tasks and their demands. However, broad measures may be useful for describing aspects of large systems of teamwork. Measures that are very high in technical specificity may be practicable for training individuals or small teams separate from larger teams. However, highly technical measures exclude demands needed to perform within the context of the wider teamwork environment. For example, we might assess surgeons on their individual skills in a surgical simulator (for example, OSATS), perhaps focusing on leadership and communication.
However, those teamwork elements may not account for the wider system of teamwork between the surgeon, anaesthetist and circulating nurses, and other external demands. The model in fig 2 suggests that, in order to assess any given unit of teamwork, the ideal assessment may be one that optimises technical specificity and scope. This suggests using a single assessment which specifies the behaviour that is contingent upon certain tasks and processes-for example, the assessment by Gaba et al of anaesthetists' work. 32 Alternatively, an effective assessment may comprise two separate components, one comprising a task checklist and the other a set of behavioural scales. 6 
IMPLICATIONS FOR TEAMWORK SKILLS TRAINING
Our aim must be to identify effective and ineffective teamwork in the operating theatre for modelling purposes, to build upon the former and to reduce the latter. This would afford transfer of best practice from one team to another and a specification of the resources needed for one procedure or another. The result may be an overall improvement in safety and in the work experience in the operating theatre for all involved, and prevention of unhelpful group behaviours and attitudes that tend to permeate health care. 33 Task analysis and ergonomic studies need to determine and document team processes, structure, and behaviours in context.
Team training for the operating theatre needs strategic design to make use of multiple methods of teamwork skills training. There will be numerous team units to assess; table 1 illustrates the various arrangements for the main professional groups in the operating theatre. Observation offers a valuable method of measuring teamwork objectively and useful for studying a range of team factors and is particularly useful for feedback exercises in team training. 34 Clearly, any modelling of the whole operating theatre team must involve representatives from all theatre professionals. There are numerous other issues to address in training teamwork skills; these are covered in a number of reviews which provide valuable lessons and guidance from team training in other high risk domains. 25 
35

TEAM TRAINING IN A SIMULATED OPERATING THEATRE
Team training scenarios can take place in a virtual operating theatre with a moderate fidelity mannequin as the virtual patient. 36 Realistic surgical crisis scenarios incorporate technical difficulties for all team members including anaesthetists, nurses and surgeons. The concurrent problems have included difficult intubation, venous haemorrhage and cardiac arrest, and additional problems for nurses and operating department practitioners. Clinicians and psychologists assessed individual skill in teamwork and problem solving. After the simulation participants supplied ratings of their own performance to compare with those of trainers, and also received individual and collective feedback on their performance. Training and assessment of broader teamwork behaviours and individual work met some of the criteria 26 OTAS, Observational Teamwork Assessment in Surgery with components (o1 and o2). 6 The circle denotes a theoretical optimal teamwork measurement for training and assessment in surgery. 
ORGANISATIONAL FACTORS
There are many challenges for establishing standardised, efficient, and effective teamwork training in the hospital context. The development of teams will demand more integration of clinicians and team researchers in the measurement process, at least in the development stage. Paradoxically, the conditions for such collaboration define a learning culture that has yet to be established. Structures for promoting safety in the workplace do exist, 37 and a considerable body of knowledge and guidance is available on teamwork and team performance in other domains. This should inform the development of teamwork in health care. To develop models of performance and to implement them in practice, there needs to be a joint investment of resources at all levels within a generative healthcare organisation. 38 
CONCLUSIONS
Ad hoc adaptation to new technology and procedures in the operating theatre is unlikely to produce the reliable teams that one might imagine would exist now and in the future. Training in the principles of teamwork and generic teamwork skills may be beneficial, but training teamwork skills independent of tasks and of context will have limited benefit. The aim, of course, is to improve the technical skills of surgeons, nurses, and anaesthetists so that they can reliably deal with the demands of existing and new procedures in the operating theatre. By definition, a technical skill refers to any actions or mental faculty acquired through practice and learning pertaining to a particular craft or profession. 39 On that basis, teamwork is a technical skill. Team training in surgery must be based on effective and valid models and measures of teamwork which account for the behaviours and processes demanded of particular tasks and context. Indeed, a technical rationale to teamwork engineering may be the only way to convince healthcare practitioners of the value of team research, training, and other intervention measures devised to improve system safety.
